Fall armyworm larvae, Spodoptera frugiperda (J. E. Smith), were collected from sweet 2 corn plants (Zea mays L.) in fields located in three south Florida counties. Fields were 3 sampled from 2010 -2015 during the fall and spring seasons. Larvae were transferred to 4 the laboratory to complete development. The objective of the study was to identify the 5 common parasitoids emerging from larvae that are present in sweet corn habitats where 6 insecticides are traditionally used. A total of 8,353 fall armyworm larvae were collected, 7 of which 60.6% (5,062) developed into moths after feeding on corn tissue and artificial 8 diet. Parasitoids emerged from 2,365 larvae (28.3%), and parasitism ranged from 1% to 9 91.7%, depending on site. Parasitism was higher at the University of Florida Everglades 10
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Florida leads the country in fresh market sweet corn production, harvesting almost 32 20% of the nation's total in 2013 (over 17,000 ha) for a value of $165.6 million 33 (Anonymous, 2014a; Anonymous, 2014b) . Over half of this production is in the south 34
Florida counties of Palm Beach, Miami-Dade, and Hendry, where planting occurs from 35
October to March (Mossler, 2008) . Sweet corn is plagued by several direct insect pests 36 that are managed by as many as 20 insecticide applications per season of 32 labeled 37 compounds (Ozores-Hampton et al., 2014) . These applications are sprayed during both 38 the vegetative and reproductive stages of plants and include a variety of different modes 39 of action. 40
One of the most serious pests of Florida sweet corn is the fall armyworm, 41
Spodoptera frugiperda (J. E. Smith) (Nuessly et al., 2007) . This migratory noctuid 42 attacks corn plants throughout their growth, infesting both sweet and field corn 43 throughout the southeast, central, and eastern U.S. (Sparks, 1979; Pair et al., 1986b) . In 44 whorl-stage plants, young larvae feed on the outer leaves and move into the whorl, 45 subsequently damaging the emerging tassels. All larval stages can feed on the ear, with 46 young larvae feeding on the silks and entering through the cob tip; older larvae generally 47 enter through the husk (Nuessly and Webb, 2001) . 48
Surveys have documented large numbers of parasitoid species emerging from fall 49 armyworm larvae in the U.S. (Ashley, 1979; Pair et al., 1986a) , Mexico (Molina-Ochoa 50 et al., 2001 , Central America and the Caribbean (Andrews, 1980 (Andrews, , 1988 Wheeler 51 et al., 1989) , and South America (Bastos-Dequech et al., 2004; Murúa et al., 2006 Murúa et al., , 2009 .
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In south Florida, three main species were collected including the egg-larval 53 endoparasitoid Chelonus insularis Cresson (Braconidae, Cheloninae) , and the larval 54 endoparasitoids Cotesia marginiventris (Cresson) (Braconidae, Microgasterinae), and 55
Temelucha difficilus Dasch (Ichneumonidae, Cremastinae) (Ashley et al., 1982; Ashley et 56 al., 1983; Pair et al., 1986a) . However, these collections were made either in corn plots 57 planted specifically for the study or in volunteer corn fields and were, therefore, most 58 likely unsprayed by chemical or biological insecticides. 59
A percentage of the fall armyworm populations feeding in south Florida migrate 60 northward each season (Pair et al., 1986b; Mitchell et al., 1991) . Previous research 61
suggested that high populations of potentially migrant fall armyworms occur in 62 agricultural habitats located in the southern counties 63 Nagoshi and Meagher, 2004) , and sweet corn production is one of the important crops in 64 these areas. One areawide management practice that has potential to lower migratory 65 populations is to promote biological control by increasing the floral complexity of these 66 agricultural habitats (Tscharntke et al., 2007; Hinds and Hooks, 2013) . The survival and 67 reproduction of natural enemies requires provisioning of pollen and nectar sources in the 68 landscape (Isaacs et al., 2009) . Individual natural enemy species may have different 69 responses to plant diversity and to the plant species inventory in these newly improved 70 habitats (Shackelford et al., 2013; Tillman and Carpenter, 2014) . Therefore, before 71 prospective floral species are introduced, the important natural enemies must be 72 identified and their impact quantified. The objectives of this work were to determine the 73 species and abundance of common parasitoids emerging from larvae that are present in 
Collection of larvae 95
In the field, feeding injury in the leaf whorl and the presence of frass were used to 96 direct the search for larvae. Larvae were pulled from the whorl and placed individually 97 7 in 29.6 ml diet cups (Jet Plastica Industries, Hatfield, PA) with cut pieces of corn. An 98 attempt was made at each site to collect at least 300 larvae, however larger numbers of 99 larvae were collected in some fields. Cups were put in trays and placed in coolers. After 100 returning from the field, larvae were identified and categorized based on size. 101
Greenhouse-grown corn ('Truckers Favorite') was added to cups that contained young 102 larvae until they reached about 4th instar; older larvae were placed in cups with artificial 103 diet (Guy et al., 1985) . Young larvae were initially placed on corn tissue because 104 parasitoid mortality was higher when they were placed directly onto artificial diet. Once 105 the young larvae reached 4th instar, they were then placed on artificial diet. Live larvae 106 either developed into adults, produced adult parasitoids, died during development, or died 107 Beach, and PB-EREC) and between the fall and spring seasons using Analysis of 118
Variance without transformation (PROC Mixed, LS means; SAS 9.4, SAS Institute,9 handling, or escaping from the diet trays, and there was no difference in mortality among 143 larvae collected from the sites (Miami-Dade 17.7 ± 6.3%, Hendry 16.6 ± 3.6%, Palm 144 Beach 12.9 ± 4.1%, PB-EREC 10.6 ± 2.0%; F = 0.4, d.f. = 3, 20, P = 0.7618), seasons 145 (fall 15.6 ± 2.8% vs. spring 14.6 ± 3.9%; F = 0.09, d.f. = 1, 22, P = 0.7716), or in sprayed 146 or unsprayed fields (sprayed 17.4 ± 3.3% vs. unsprayed 10.1 ± 1.5%; F = 2.3, d.f. = 1, 22, 147
Over 48% of the larvae collected were "small", comprising 1st or 2nd instars, 149 22.7% were "medium" (3rd or 4th instars), and 29% were "large" (5th instar and above). 150
This range of larval ages gave us an opportunity to collect parasitoids that attack 151 different-sized larvae. 152
Parasitoids emerged from 2,365 larvae (28.3%), and parasitism (number of 153 parasitoids divided by the number of larvae collected x 100) ranged from 1% (Miami-154
Dade, March 2013) to 91.7% (PB-EREC, December 2013) ( Table 1) . Total parasitism (= 155 parasitism due to all species) was over twice as high at PB-EREC (50.4 ± 11.8%) than 156
Miami-Dade (21.5 ± 4.1%), Palm Beach (14.0 ± 4.3%) or Hendry (11.4 ± 2.6%) (F = 8.2, 157 d.f. = 3, 20, P = 0.0009). Total parasitism was higher in the unsprayed fields (44.0 ± 158 9.6%) than in the sprayed fields (15.0 ± 2.5%) (F = 16.9, d.f. = 1, 22, P = 0.0005). Total 159 parasitism was comparable between fall and spring seasons (22.6 ± 7.0% vs. 25.9 ± 5.7%, 160 respectively; F = 0.23, d.f. = 1, 22, P = 0.6359). 161 162
Cotesia and Chelonus 163
The two most common parasitoids that emerged from fall armyworm larvae were 165 C. marginiventris (1,119/2,365 = 47.3% of all parasitoids collected) and Ch. insularis 166
(1,102/2,365 = 46.6%). Although C. marginiventris was found in 23 and Ch. insularis 167 was collected in 18 of the 25 sites sampled, the distribution of these two species was 168 different among sites (Fig. 1) . Percent parasitism attributed to C. marginiventris (number 169 of C. marginiventris wasps divided by number of larvae collected x 100) was similar 170 among sites (Miami-Dade 16.9 ± 4.9%, Palm Beach 11.9 ± 3.6%, PB-EREC 10.7 ± 171 4.3%, Hendry 9.0 ± 2.9%; F = 0.9, d.f. = 3, 20, P = 0.4820). However, parasitism by Ch. 172 insularis was much higher at PB-EREC (37.2 ± 13.9%) than the other locations (Miami-173 Dade 2.3 ± 1.7%, Hendry 1.2 ± 0.8%, and Palm Beach 0.9 ± 0.7%; F = 6.7, d.f. = 3, 20, P 174 = 0.0025; Fig. 1 
). 175
Cotesia marginiventris parasitism was similar in sprayed and unsprayed fields 176 (13.2 ± 2.7% vs. 10.3 ± 3.5%, respectively; F = 0.4, d.f. = 1, 22, P = 0.5213; Fig. 2) . 177
However, parasitism due to Ch. insularis was dramatically higher in unsprayed fields 178 (30.0 ± 11.3%) than in sprayed fields (0.8 ± 0.4%; F = 15.0, d.f. = 1, 22, P = 0.0008; Fig.  179 2). In fact, sites and fields that had high levels of parasitism by C. marginiventris 180 appeared to have low levels of parasitism by Ch. insularis, resulting in a significant 181 negative regression between these species (percent parasitism calculated as number of C. 182 marginiventris or Ch. insularis divided by total number of parasitoids x 100 that emerged 183 for individual sites) (Fig. 3) . 184
We looked at the distribution of parasitism by C. marginiventris and Ch. insularis 185 during the fall and spring collection seasons (Fig. 4) . For C. marginiventris, parasitism 186 was similar between both seasons (fall 13.0 ± 3.4% vs. spring 11.6 ± 2.7%; F = 0.09, d.f. (Fig. 1) or between seasons (fall 1.4 ± 0.5% vs. spring 2.3 ± 205 0.8%; F = 0.94, d.f. = 1, 22, P = 0.3418) (Fig. 4) . However higher parasitism due to the 206 other species was found in unsprayed fields than in sprayed fields (Fig. 2) records. In many of these areas, Ch. insularis was not only present but was the most 235 common species collected (Wheeler et al. 1989; Cortez-Mondaca et al., 2010 , 2012 236 Rios-Velasco et al., 2011; Estrada-Virgen et al., 2013) . In non-tropical areas, there was 237 evidence of northward movement of this parasitoid (Pair et al., 1986a) . In the 238 southeastern U.S., Ch. insularis seems to be most effective in south Florida and is only of 239 secondary importance in north Florida and beyond (Ashley et al., 1982; Pair et al., 240 1986a) . Cotesia marginiventris also has a wide geographic range, with records from 11 241 countries documented (Molina-Ochoa et al., 2003) . This parasitoid is successful in 242 subtropical and warm temperate areas such as in the southeastern U.S. (Ashley et al., 243 1982; Pair et al., 1986a; Riggin et al., 1992) . 244
Chelonus insularis is typical of egg-larval solitary koinobiont endoparasitoids that 245 oviposit into host eggs (Pierce and Holloway, 1912; Rechav and Orion, 1975) and 246 survive through several molts until emerging from either 4th or 5th instar Spodoptera 247 spp. host larvae that are actually developmentally arrested precocious prepupae (Ashley, 248 1983; Soller and Lanzrein, 1996; Pfister-Wilhelm and Lanzrein, 2009 ). These parasitized 249 host larvae exhibit reduced growth rates and weight compared to unparasitized larvae 250 (Ables and Vinson, 1981; Ashley, 1983) . Chelonus spp. can "pseudoparasitize" hosts by 251 initiating physiological factors after oviposition into host eggs that lead developing host 252 larvae to precociously spin cocoons even if parasitoid development does not occur 253 (Jones, 1985; Jones, 1986; Grossniklaus-Bürgin and Lanzrein, 1990) . In terms of 254 biological control, the results of pseudoparasitism, while perhaps not adding to the next 255 generation of parasitoids, adds to additional mortality of pest larvae.1st-and 2nd-instar larvae (Boling and Pitre, 1970; Loke et al. 1983) , although facultative 258 parasitism of host eggs has also been documented (Ruberson and Whitfield, 1996) . Adult 259 wasps emerge from 4th-instar larvae and these larvae reach only about 3% of their 260 maximum weight when compared to unparasitized larvae (Ashley, 1983) . Females are 261 attracted to host larvae by orienting to both larval frass and host-induced plant volatiles 262 (Loke et al., 1983; Loke and Ashley, 1984) . Suboptimal and optimal host species can be 263 attacked from a wide range of noctuid lepidopterans, but experience of ovipositing 264 females on optimal host larvae increases their attraction and host-finding to these species 265 (Tamò et al. 2006; Harris et al. 2012) . Therefore, it appears that C. marginiventris can 266 persist at low population densities on alternate hosts (Tingle et al., 1978; Johanowicz et 267 al., 2002) The negative regression between parasitism by C. marginiventris and Ch. 275 insularis suggests that one species is a better competitor than the other. In laboratory 276 studies, parasitism of larvae was 2-4 times higher by C. marginiventris that had been 277 previously parasitized by Ch. insularis as eggs, depending on larval host plant, indicating 278 that Ch. insularis was not able to successfully compete against C. marginiventris 279 (Rajapakse et al., 1991) . Further, C. marginiventris females showed no host 280 discrimination between larvae previously parasitized by Ch. insularis or unparasitized 281 larvae, and C. marginiventris females obtained their maximum reproductive potential by 282 parasitizing fall armyworm larvae previously attacked by Ch. insularis (Rajapakse et al., 283 1992) . More research needs to be completed in field situations to better understand the 284 interaction between these two species. 285
Insecticides comprise the major tactic used by growers to manage fall armyworm 286 in sweet corn commercial production in south Florida (Ozores-Hampton et al. 2014) . 287
Insecticide treatments are applied to whorl-stage corn to prevent damage to developing 288 tassels and upper leaves (Gross et al., 1982; Marenco et al., 1992) , and to reduce numbers 289 of the next generation that could damage corn ears. Our results suggest that Ch. insularis 290 is more impacted than C. marginiventris by insecticide applications. Many insecticides 291 are toxic to developing and adult C. marginiventris (Wilkinson et al., 1979; Atwood et 292 al., 1997; Tillman and Scott, 1997; Pietrantonio and Benedict, 1999; Tillman and 293 Mulrooney, 2000) and Ch. insularis wasps (Penagos et al., 2005; Zenner et al., 2006) , 294 either through direct toxicity of the insecticides or due to death of the host. If 295 applications are not made directly to adult wasps, it appears that adult emergence from 296 parasitized larvae may not be affected by host larvae feeding on plant material previously 297 treated with insecticides (Atwood et al., 1998) . Surprisingly, direct comparison of 298 insecticide susceptibility with both species, both in application of insecticides to adults 299 and feeding of parasitized larvae with treated host plant material, has not been done and 300
should be a feature of future research. 301
Corn plants and the growers who produce them could derive a direct benefit from 302 the actions of parasitoids that reduce feeding and lower weight gain of fall armyworm 303 larvae (Fritzsche-Hoballah and Turlings, 2001; Hoballah et al., 2004) . Therefore, 304 strategies need to be developed to enhance the effectiveness of parasitoids against larvae 305 attacking whorl-stage sweet corn. One strategy that has been proposed is to use 306 "resource management" tactics to improve conditions for natural enemies (Lewis and 307 Nordlund, 1980) . Higher populations of generalist predators and parasitoids in 308 agricultural landscapes were enhanced by the addition of flowering plants (Menalled et 309 al., 2003; Díaz et al., 2012; Letourneau et al., 2012) . Flowering plants can provide 310 additional carbohydrate sources which increase parasitoid fecundity (Johanowicz and 311 Mitchell, 2000; Riddick 2007 ) and serve as food for alternative lepidopteran hosts for 312 parasitoids that also attack fall armyworm (Tingle et al., 1978; Johanowicz et al., 2002) . 
